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TECHNICAL NOTE 3118

DESIGN DATA FOR MULTIPOST-STIFFENED
WINGS IN BENRDING

By Roger A. Anderson, Aldie E. Johnson, Jr.,
and Thomas W. Wilder, III

SUMMARY

The results of a computational program are presented which give
numerical values of the stiffnesses required of the various components
of a multipost-stiffened wing to achieve desired buckling-stress values
under bending loads. Two arrangements of the posts are considered,
upright posts and posts used as diagonals of a Warren truss. This work
extends and summarizes the calculations presented in NACA RM I52K10a.

INTRODUCTION

Upright members known as posts have been used to advantage for
providing local stabilization between the tension and compression surfaces
of wing structures in a number of production aircraft. In these applica-
tions the posts usually are employed in locations such as fuel-cell bays
where stress analyses or strength tests indicate additionsl stiffness to
be necessary. More recently, the use of a systematic arrangement of
posts between the wing surfaces has been proposed (ref. 1) as a partial
solution to some of the fabrication problems associated with thin wings.
This arrangement has been called the miltipost-stiffened wing and may be
described as essentially a multiweb structure in which alternate full-
depth webs have been replaced by lines of smell stringers connected by
posts at appropriate intervals. The present paper is concerned with an
analysis of the interaction of the various stliffnesses which influence
the buckling behavior of such a structure.

A stability criterion has been derived in reference 2 which takes
into account the essentlal stiffnesses that muset be considered in an
analysis of the multipost-stiffened structure under a bending moment.

The criterion was used in reference 3 to make a limited set of calcula-
tions to determine the stiffnesses required of combinations of stringers
and posts to achieve desired buckling-stress coefficients for the struc-
ture. This work has been extended and is summarized in the present .
paper. In eddition to providing stiffness data for a structure stiffened
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by vertical posts, the paper provides information on the required stiff-
nesses when the posts are inclined to form a Warren truss and also when
transverse stiffeners or formers are used to provide the equivalent of
post stiffness at certain locations.

Jc

EX

SYMBOIS

longitudinal stress in compression cover of beam at buckling

longitudinal stress in tension cover of beam at buckling

ogteb?
compressive-buckling-stress coefficient, ———
nQDC
oty
tensile-stress coefficient, ———
12D,

crosg-sectional area of stringer

width of cover bay between longitudlnal lines of support
thickness of compression cover skin

thickness of tension cover skin

area ratio of stringer to cover skin on compression slide of
beam, A/btg

area ratio of stringer to cover skin on tension side of beam,

Aoty
length of cover bay between post supports
post-spacing ratio, 1/b
length of buckle (distance between transverse nodes)
Young's modulus of elasticity
Poisson's ratio

flexural stiffness of stringer
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3
Et
Da flexural stiffness of compression cover, ——c
12(1 - p.2_)
Etm)
DT flexural stiffness of tension cover, —m———
12(1 - p2)
7c flexural-stiffness ratio of stringer to cover skin on compres-
slon side of beam, EL_
bDg
Y flexural-stiffness ratio of stringer to cover skin on tension
r
side of beam, EI
F effective spring stiffness of post-stringer combination, force
per unit extension
F b
T effective post-stiffness parameter, =
1 _hy
e
q number of buckles occurring in length of beam
n number of bays in length of beam
P nunber of buckles occurring across width of beam
n nunber of bays in width of beam
r,s integers

DESCRIPTION OF STRUCTURAL CALCULATIONS

The calculations presented in this paper apply to any one cell of
a wing structure of the type indicated in figure 1. The complete struc-
ture has a number of shear webs, as in a multiweb wing, and located mid-
way between the shear webs are single longitudinal rows of posts con-
necting stringers on the cover skins. This wing construction retains
approximately one-half the number of shear webs found in a conventional
miltiwveb structure and has been referred to as the multipost-stiffened
wing (ref. 1). With the proper combination of component stiffnesses, a
line of stringers and posts can provide the same stability against
buckling to the compression skin under bending loads as a full-depth
solid web.
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Idealized Structure and Loading Condition

For the purpose of these calculations, the multipost-stiffened
structure has been idealized as a long beam containing five basic ele-
ments to which stiffnesses can be assigned. These elements consist of
two cover plates, two longitudinal stringers, and an arbitrary number
of posts. The cover plates, which may be of unequal stiffness, are
assumed to receive simple support from the shear webs along the side
edges of the plate. The stringers are of identical cross section and
are located along the longitudinal center line of each cover plate.
The posts are idealized as a series of deflectional springs of equal
stiffness which connect the stringers at equally spaced intervals.

The beam 1s loaded by a pure bending moment. The compressive and
tensile stresses in the two sides of the beam are assumed to be uniformly
distributed over the plate and stringer cross sections. The stress in
the tension side of the beam can then be defined in terms of the buckling
stress for the compression side of the beam by the following relationship
which expresses the equality of the two loadings:

op(2btp + A) = og(2btg + A) (1e)

Equation (la) can be rewritten in this form

2 2
b“opt b0t
_5E_T_DTJ_+%5T>=2—CC<1+15C> (10)
xepp Dg *"Dg

When the buckling-stress coefficients kp and kg are substituted for
207t oo b2agtc
72D 12Dg

terms of kC as follows:

, respectively, the value of kp can be given in

L

27 (2)
DT1+%GT

ky = kg
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Stability Criteria

A stebility criterion has been derived in reference 2 which is
applicasble to & beam with any number of rows of posts and stringers.
As given here, the criterion has been modified slightly to conform to
the notation and parameters adopted in the present paper:

1 - 1
-+ +
YT ;;; 1

(23 +A%)2K23 + 1%)270‘ - Beackc:l +

The criterion is for the general instability mode of buckling in
which the posts and stringers deflect with the cover skins and thus mey
be used to determine the critical combinations of post and stringer
stiffness for which longitudinal nodes will form along the stringers at
buckling (i.e., local instability of the compression skin). The values
of p/n and q/m determine the general instability mode for the beam
under consideration. ¥or the beam shown in figure.l, the general insta-
bility mode corresponds to p = 1 (one buckle across the width of the
beam) and n = 2 (two bays wide). The value of q is the number of
buckles which occur in a beam length of m post spaces and the ratio q/m
must be varied until the maximum value of post stiffness is found which
satisfies the stabllity criterion for given values of the other variables.

The summations over r in equation (3) permit an exact representa-
tion of the buckle deflections. across the width of both covers of the
beam and the summations over s are assocliated with the variation of
buckle deflections along the beam length. As a consequence of the large
nunber of terms to be summed, solutions to this equation are practical
only with high-speed computing machines. Solutions to the equation
were obtained by the use of the National Bureau of Standards Eastern
Automatic Computer (SEAC). The computational procedure is indicated in
the appendix.

A useful simplified form of the stebility criterion is obtained if
the s-summation is eliminated from equation (3), so that the deflections
of the covers are restricted to a sinusoldal variation in the length
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direction. The remainiﬁg terms of the equation represent a complete
solution for the case in which the post spacing approaches zero, in
effect, a uniform distribution of stiffness along the center lines of
the plates. The simplified stability criterion may be written as
follows:

%C L =0 )

r=—°°l+(2r+%)<%) +(%‘-)kT

The preliminary results presented in reference 3 showed that, if several
posts are contalned in each buckle length, the posts may be considered
to be uniformly distributed with the result that equation (4) is appli-
cable. The part of the calculations for which equation (4) was used was
made with an IBM Card-Programmed Calculator.

Structurael Parameters

Calculations were performed with the following values of the
parsmeters appearing in the stability equations: .

-1 1
B"g 0)21112
2

agctob
kC=_CE__.=)_|.’3.5’3

ki
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5g = 2 =0, 0.2, 0.1

bt

For each of the possible combinations of these parameters, a range of
combinations of the post-stiffness parsmeter T and stringer-stiffness
parameter 7y~ was determined which satisfies the stability equations.

The evaluation of the nondimensional parameters T and 7¢c for struc-
tural members is discussed in a subsequent section.

The values of B = 1/2, 1, and 2, where B 1is the ratio of post
spacing to bay width, were chosen to correspond to aircraft structural
proportions. The calculations made with B = O permitted a reduction
in the amount of calculation needed for the cases with finite post
spacing, as is shown subsequently.

The flexursl-stiffness ratio of the cover skins DT/DC was taken
to be a function only of the skin-thickness ratio +t7/t¢. Thus, elastic

cover skins having the same Young's modulus and Poisson's ratio have
been assumed. Values of DT/DC were chosen to correspond to a tension

skin one-half as thick as the compression skin, to skins of equal thick-
ness, and to the limiting case of an infinitely stiff tension skin.

This limiting case is useful in that the values of T resulting from
these calculations are independent of the tension skin stiffness and

are thus applicable to the determination of the stiffnesses required of
members such as transverse stiffeners and formers which are not attached
to the tension skin. In addition, this case is applicable when the
posts are inclined to form a Warren truss with the stringers. The

value of T +then 1s a measure of the required depthwise spring stiff-
ness at the panel points of the truss.

With respect to the stress values achieved in the beam at buckling,
a value of kg equal to 4 means that the compression skin receives
enough support to buckle with a longitudinal node along the line of
posts and thus behaves as a simply supported plate of width b and
thickness tg. No further increase in buckling stress is possible with-
out adding torsional restraints along the shear webs or along the line
of posts. TInasmch as it is not always necessary to develop a stress
value corresponding to ko = b at a given cross section of a wing, the

combinations of stringer and post stiffnesses required to develop buckling-
stress coefficients of ke = 3.5 and 3 were also computed.
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The parameter &g 18 the ratio of the cross-sectional area of the
stringers A to the cross-sectional area of the compression skin btg

and, thus, determines the proportion of the total compression-panel load
transmitted by the stringer. Because the size of stringers required in
combination with posts to achieve a given buckling stress is consldera-
bly smaller than the stringers required for a conventionally stiffened

sheet, values of Bp = 0, 0.2, and 0.4 were chosen to cover the design

range.

Other parameters sppearing in the stabillity equations are &6p and

7 which may be defined in terms of the corresponding parameters ¢
and yc as follows:

_ A _ A %t __ t¢
o bty big tp b )
and
D
EI B¢
yp=x =EL L., T (6)
bDp  bDg Dp Dy

RESULTS AND DISCUSSION

Interaction of Component Stiffnesses

The results of calculations made with the stability criteria and
structural parameters dlscussed in the previous sectlion are listed in
tables I to III. For constant values of Dp/Dg, B, and &g, the com-
binations of - and T required to achieve desired values of the
buckling-stress coefficient kp are given. The associated values of
Ab and q/m are also listed. When B = O, buckling occurs with a
simusoidal variation in deflection in the length direction and from
the ratio A/b the natural buckle length for each combination of 7g
and T can be determined. The buckle pattern is more complex, however,
when the posts are at discrete intervals. The distance between trans-
verse nodes may be expected to be nonuniform and theirefore no buckle
length A can be assigned. The number of buckles q occurring in
m post spaces, however, was found in the solutions of the stability
criterion (eq. (3)) and these values are listed in the tebles as the
ratio q/m.
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The stiffness data in the tables are presented in design-chart form
in figures 2 to 10. Each figure in this group is basically similaer in
that for constant values of Dy/Dg and ¢ & series of curves is pre-
sented which shows how values of the post-spacing ratio B equal to 2,
1, 1/2, and O affect the combinations of 7¢c and T required to achieve
values of kg equal to k, 3.5, and 3. The data presented in figures 2
to b and figures 5 to T apply, respectively, to multipost-stiffened
beams with equal~-thickness tension and compression covers and with ten-
sion covers one-half as thick as the compression covers. Figures 8 to
10 apply to beams, such as those having Warren trusses, for which an
assumption of an infinitely stiff tension cover is appropriate. In each
of these groups of figures the effect of variations in the stringer area
ratio B¢ 1s shown.

In order to serve as a gulde to the presentation of data in fig-
ures 2 to 10, the curves in figure 2 have been identified with leaders
and asre discussed in detail. The three curves lebeled B =0 (posts
at an infinitesimal spacing) give the combinations of the stringer-
stiffness parameter 7c @and post-stiffness parameter T required to
constrain the compression cover of a multipost-stiffened beam to buckle
with stress coefficients equal to 4, 3.5, and 3. The maximm values of
the stringer-stiffness parameter 7c Trequired to achieve the buckling-
stress coefficlents occur at the left end of these curves where the
post-stiffness parameter T is zero. These maximum values of Yc are

those that would be computed for a compressed, infinitely long, simply
supported plate with a single stringer (see ref. 4). As the stringer
stiffness 1s decreased the post stiffness required to maintaln the same
stabllity increases. The data presented in reference 5 indicate that
7¢c could be reduced to zero and buckling-stress coefficients of 3 and

3.5 could be achieved with very closely spaced posts of finite stiffness.
However, a buckling-stress coefficient of 4 cannot be attained without
the presence of a stringer, regardless of the magnitude of the post
stiffness. Thus, for the curve associated with B =0 and ko =14,

the value of T sapproaches infinity for some value of 7c Dbetween O
and 0.7 as indicated in figure 2.

The combinations of o and T associated with post-spacing

ratios B equal to 1/2, 1, and 2 lie along the° B = O curves for a
large part of their lengths and have been identified separately only
along the parts where they deviate. The reason for the coincidence of
these curves with the B = 0 curves in certain regions lies in the
definition of the post-stiffness parameter T. The parameter T is a
distributed stiffness; that is, it involves the stiffness of individual
posts divided by the post spacing. Thus, when the buckle lengths are
long enough to encompass several post spaces, the structural behavior
is essentially the same as if a uniform distribution of post stiffness
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(B = 0) were present. As 7y decreases, however, the buckle lengths

become shorter relative to the post spaces (see the ratios of q/m in
tables I to IIT) and the effect is to increase the value of T required
for a given value of ys +to achieve the same stability.

For the post-spacing ratios B = 1 and 2, values for yn were
determined (dashed-line values in figs. 2 to 10) which would be required
to achieve buckling-stress coefficients of 4, 3.5, and 3 when buckling
occurs with transverse nodes through the post locations. In order for
this mode of buckling to occur, the posts and the tension plate upon
which the posts are supported mist have sufficient stiffness to behave
as if they were effectively rigid or nondeflecting. The precise points
at which the curves for B equal to 1 and 2 intersect the dashed lines
were not determined in these calculations, but ean intersection at a
finite value of T is indicated by the trend of the curves. Similar
intersections of the B = 1/2 curves with the dashed lines are not
indicated in any of the figures because at this post spacing the dashed-
line values of 7o are either very small or are negative. It is
evident from the data that curves for other post-spacing ratios such
as B equal to 3/4% and 3/2 could be established with reasonable accu-
racy by determining the dashed-line values of 7a from a source such

as reference 4 and fairing transitions into the B = 0 curves.

In a mltipost-stiffened beam the stiffness of the tension cover
influences the required stiffness of the posts and stringers. The
magnitude of this effect is shown in figure 11. The post-spacing
ratio B, the stringer area ratio &, and the buckling-stress coeffi-
cient kz have been held constant in this comparison. As would be
expected, when the stiffness of the posts connecting the two covers is
small, the stiffness of the tension cover has little effect on the
stability of the compression cover. For more normal combinations of
stringer and post stiffness, however, the tension-cover stiffness has
an appreciable effect on the structural behavior. As indicated by the
Dp/Dg = 1/8 curve (tension cover one-half as thick as compression
cover), a buckling-stress coefficient of 4, corresponding to the forma-
tion of a longitudinal node along the stringer =nd post line, cannot be
achieved even with infinitely stiff posts if the stringer-stiffness
ratio 7o 1is reduced to,e value slightly less than 3. With DT/DC = o,

stabllity could be maintained with 7g = O eand a finite value of T.

The calculations with Dy/Dp = @ were made not only to establish
the extent to which the assumption of an infinitely stiff tension cover
would influence the required values of post stiffness, as shown in fig-
ure 11, but also to establish the stiffness required of other types of
supports which are not attached to the tension cover or for which the
assumption of an infinitely stiff tension cover is appropriate. Such
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supports may be in the form of tramnsverse stiffeners or formers which
can provide the equivaelent of post stiffness by virtue of their beam
bending stiffness. The replacement of one or more vertical posts by
such transverse menmbers may be desirable at fuel-cell and landing-gear
locations in a multipost-stiffened wing. In this case the required
beam stiffness of the transverse members may be determined from the
values of T given in figures 8 to 10. The quantity F in the post-

5
stiffness parameter T = F b

1 _h

1t D
the midspan of the transverse member required to produce a unit deflec-
tion of the member. If the support is a Warren truss, the value of T
is the force required to produce a unit depthwise displacement at a
panel point of the truss with the far ends of the diagonals entering
the panel point prevented from displacing. Some practical considera-
tions that arise in the evaluation of ¥ for transverse beams and
Warren trusses, as well as vertical posts, are discussed in the next
section.

is taken to be the force applied at

Evaluation of Post and Stringer Stiffness

The use of the post-stiffness parameter T 1n the present paper
1s a departure from the notation used in previous NACA papers dealing
wlth post construction. The reason for this departure is that T
appears to be a natural parameter as evidenced by the superposition of
the data for various values of B 1n figures 2 to 10.

In order to clarify the meaning of T with respect to previous
definitions of post stiffness, the following relationships are given.
The relationship between T and the post-stiffness parameter S of
references 2 and 3 is

= = =5
T = 5 (7)

The symbol S was also used to denote post stiffness in reference 5.
The relationship between T and S of reference 5 (when one row of
posts 1s used) is

T=_2 (8)

hﬂes
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The evaluation of the quantities which determine T for a given
construction is straightforward with the exception of the quantity F.
Simple tension and compression tests made on specimens such as the one
shown in figure 12(a) indicate that the flexibility of the attachments
of posts to stringers and stringers to cover skins may easily have a
greater influence on the effective value of F than the axial stiffness
of the post itself. The effective values of F determined from experi-
mental load-shortening curves Indicated that from 15 to 30 percent of
the theoretical axial stiffness of the posts alone was being realized.
Even with this reduction in effective post stiffness due to attachment
flexibility, however, the required values of T should be easily
achieved with members of practicel size.

A determination of the effective value of F for the panel points
of a truss can be carried out in a loading test like that shown in fig-
ure 12(b). The load is applied to the chord members and the lower panel
points are prevented from displacing. The displacement of the top chord
is measured.

If the stiffness F is being provided by transverse members
spanning the width between shear webs, the quantity F will be in the
form of a bending stiffness. For the case of a member with simply sup-
ported ends and a rigid connection at the midspan to the longitudinal

6(BI

&E@ (where
I

is the flexural stiffness of the transverse member ). A suitable reduc-

tion in this wvalue should be made to account for a flexible connection
between the longltudinal stringer and the transverse member.

stringer, the value of F 1is equal to (EI)trans

For the calculation of the stringer stiffness parameter 7yq,

approximately correct values should be obtained if the stringer cross
section is sturdy and the moment of inertia of the stringer is calcu-
lated about the plane of attachment to the cover skins. This procedure
can be shown to be Justified when &z and 7 are small, as is likely
t0 be the case with mmltipost construction.

Numerical Comparison

The effect of using stringers in conjunction with posts in a
miltipost-stiffened structure can be illustrated by comparing the
present results with those obtained in reference 5 which apply to a
multipost-stiffened beam without stringers. For example, consider a
beam with equal-stiffness covers Dp/Dg = 1 and a post-spacing ratio
of B =1. If such a beam were constructed without stringers along the
row of posts, the maximim buckling-stress coefficient that could be
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achieved would be kc = 1.56 and the required post stiffness would

correspond to T = 0.62. (From table I of ref. 5 and in the notation

of that paper, B8 = 0.50, k =6.250, and S = 24.4k.) With these same
values of post stiffness and post spacing, the effect of adding stringers
to the beam can be determined from figures 2 to 4, depending upon the
stringer area ratio &g selected. The values of 7yc required to

railse the buckling-stress coefficient of the structure from ko = 1.56

to kg =3, 3.5, and I have been read from these figures and plotted

to form the curves presented in figure 13. These curves show that the
addition of stringers of relatively small moment of inertia produces a
large increase in the buckling-stress coefficient for the structure.

The increase in buckling-stress coefficient shown in figure 13
could also be achieved in a beam with posts alone by either adding more
rows or decreasing the longitudinal spacing, or both. The merit of
this alternative as opposed to adding stringers must be decided on the
basis of welght and fabrication problems for the structure in question.

CONCIUDING REMARKS

The data presented give numerlical values of nondimensional stiff-
ness quantities needed for the design of the components of a multipost-
stiffened wing. Procedures that might be used in evaluating these
stiffness quantities for practical construction have been indicated.
The results indicate that, over a wide range of structural parameters,
the required stiffnesses can be achieved with structural members of
practical size.

A comparison of these results with those of a similar analysis of
miltipost-stiffened beams without stringers shows that, for the same
post configuration, appreciably higher buckling stresses can be developed
when small stringers are used in conjunction wilth posts. The addition
of stringers makes possible the development of buckling-stress values in

the compression surface corresponding to simple support along the lines
of posts.

Langley Aeronautical Leboratory,
National Advisory Commlittee for Aeronautics,
Langley Field, Va., October 7, 1953.
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APPENDIX
COMPUTATIONAT. PROCEDURE

The numerical deata presented in tables I to III were computed by
the use of the stability criteria given previously as equations (3) and
(). The data for the cases in which B = 1/2, 1, and 2 were obtained
from equation (3) which was coded for solution on the National Bureau of
Standards Eastern Automatic Computer (SEAC). The B = 0 case was com-
puted by the use of eguation (4) coded for solution on an IBM Card-

Programmed Calculator.

The procedure used with equation (3) to calculate a given point
listed in tables I to III may be summarized as follows:

(1) Insert the desired values of the structural parameters into
the code for equation (3).

(2) In order to calculate the value of T associated with a given
value of 7q, assume a value of gq/m and sum the terms in equation (3)

until a value of T 1is computed to the desired accuracy.

(3) For the given value of 7g, vary q/m 1in small steps and sum

the series for each variation in q/m until a meximm value of T is
obtained.

The same general procedure was also used in solving equation (k)
with the exception that, for given values of the structural parameters,
was maximized with respect to A/b. With respect to the accuracy of the
results, the number of terms summed In the stablility criterion were
adjusted until it was evident that the error in the value of T would
be less than 1 percent.
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Figure |.—Portion of multipost-siiffened beam.
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Figure 2.— Interaclion of stringer stiffress ond post stiffness. %H; 80 =0,
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Figure 12.—Test for evaluating effective support stiffness.
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